We investigated fecundities in egg capsules and sizes at 50% of group sexual maturities in female Rapana venosa in three different salinity concentration regions (S-1, S-2, and S-3). In three different salinities, egg capsule heights, the number of egg capsules and the number of eggs and embryos were remarkably increased with the increase of female shell heights (or ages) and also increased with the increase of salinity concentrations. Heights of egg capsules, the number of egg capsules and fecundities (the number of eggs and embryos) were the maximum at S-1 (Gwangyang Bay (average 31.5 psu)) and the minimum at S-3 (the upper reaches of Seomjin River (average 15.5 psu)). Total numbers of fecundities of R. venosa individual -1 year -1 were about 1x10 6 at S-1 region, about 8x10 5 at S-2 region, and about 2x10 5 at S-3 region. Rates (50%) of individuals reaching first sexual maturities in three different salinity regions (S-1, S-2 and S-3) were over 50% in females measuring 7.1-8.0 cm in shell height (considered to be two years old), and 100% in those > 10.1 cm (considered to be five years old). Biological minimum sizes (RM50) in females in three different regions are 72.0 mm SH at S-1 region, 70.9 mm SH at S-2 region, and 74.6 mm SH at S-3 region, respectively. Exceptionally, smaller individuals (considered to be one year old) were participated in reproduction.
INTRODUCTION
The rapa whelk, Rapana venosa (Gasropoda: Muricidae) is one of the most important edible gastropods in East Asia (Yoo, 1976; Kwon et al., 1993) , and it is distributed in Korea, China and Japan. More specifically, in Korea, it is mainly found in silty sand of the intertidal and subtidal zones. However, the standing stock of this species has gradually been decreasing due to extensive loss of habitats from reclamation projects and reckless over-harvesting.
Therefore, it has been noted as a target organism that should be managed by a resonable fishing regimen.
To clarify the effect of morphological and physiological changes of a marine gastropod according to some differences in salinity concentrations, first sexual maturity, spawning frequencies (intervals), deposition of the egg capsules in female R. venosa (Chung et al., 1993; Kim, 1997: Chung et al., 2002) , reproductive patterns (Middelfart, 1994 (Middelfart, , 1996 ; spawning and egge capsules (Knudsen, 1950; Habe, 1960 Habe, , 1969 Amio, 1963; Spight, 1976; D'Asaro, 1966 D'Asaro, , 1970 D'Asaro, , 1988 D'Asaro, , 1991 D'Asaro, , 1993a D'Asaro, , 1993b Le Boeuf, 1971; Rawling, 1990 Rawling, , 1994 Rawling, , 1995 Harding & Mann, 1999; Harding et al., 2007) , on classification (Habe, 1969; Wu, 1988) , larval development (Thorson, 1940; Staiger, 1950 Staiger, , 1951 ; on biochemical aspects (Yoon et al.,1986; Yoo et al., 1991) and on morphology (Lee and Kim, 1988) . However, there are still uncertainty in many aspects of reproductive biology by brackish water with low salinity. Little information is available on first sexual maturity or biological minimum size, fecundity in the egg capsules per individual, and morphological variations of egg capsules (due to semi-closed environmemtal factors such as brackish water with low salinity and deficient nutrients associated with restricted food organisms) in three different salinity concentration areas. In particular, data on sizes at 50% of group sexual maturities, fecundity in the egg capsules and reproductive strategy are very useful information for natural living resource management and reproductive potential of R. venosa. Therefore, the main aim of the present study is to investigate the average egg capsule height, number of egg capsules, and number of eggs and larvae in the egg capsules per individual and the sizes at 50% of group sexual maturities of R. venosa in three different salinity concentration regions in Gwangwang Bay and the lower and upper reaches Seomjin River, Korea.
MATERIAL AND METHODS

Investigations of Environmental Seawater Temperature and Salinity
Seawater temperatures and salinity concentrations were quoted monthly in the coastal zone of the Gwangyang Bay (S-1), the lower reaches of the Seomjin River (S-2), and upper reaches of the Seomjin were used for this study.
Sampling Methodology
Specimens of the rapa whelk, R. venosa were collected during the spawning period (May to July in 2009) by the fishing net in the coastal zone in Gwangyang Bay (S-1), the lower reaches of the Seomjin River (S-2), and the upper reaches of the Seomjin River (S-3) in Hadong, Geongsangnam-do, Korea (Fig. 1) . The rapa whelks ranging from 53.1 mm to 108.2 mm in shell height in Gwangyang Bay (S-1), from 52.3 mm to 101.5 mm SH in the lower reaches of As shown in Table 1 , the range of female shell heights in three regions were 53.1-108.2 mm (average 85.6 ± 18.5 mm) at S-1, 52.3-101.5 mm (average 81.1 ± 14.7 mm) at S-2, and 49.2-97.1 mm (average 74.0 ± 16.1 mm) at S-3, respectively. Over all, the size of female shell height at S-1 (Gwangyang Bay) was the largest (Fig. 4A) , that of female shell height at S-2 (the lower reaches) was middle size (Fig. 4B) , and that at S-3 (the upper reaches of Seomjin River) was the Of three sampling areas, during the spawning period the largest number of the egg capsules in an egg mass laid from an individual ranged from 88-117 (102 ± 13) at S-1 (Gwangyang Bay), and 82-112 (95 ± 14) at S-2 (the lower reaches of Seomjin River), and ranged from 58-92 (80 ± 11) at S-3. Therefore, the number of egg capsules laid from a female individual at S-1 showed larger than S-2 and S-3 habitats (Table 1) . As shown in Table 2 Therefore, the largest fecundity of this species for a year was shown in the highest salinity region (S-1).
Accordingly, reproductive potential in the egg capsules of the rapa whelk was the highest in the high salinity region.
2) S-2
Of three regions, S-2 is located in the lower reaches (Table 4) 3) R. venosa in upper reaches of the Seomjin River (S-3: 14.6-16.4 psu) As shown in Table 5 
Biological minimum size (= Size at the rate (50%) of group sexual maturity
1) Biological minimum size in Gwangyang Bay (S-1)
To understand the biological minimum sizes in female individuals, the sizes at 50% of group sexual maturities (RM50) of R. venosa were investigated. In general, we regard the size at the rate (50%) of group sexual maturity as biological minimum size. mm SH) at 50% of first sexual maturity in females was considered to be two years old.
2) Biological minimum size in the lower reaches of Seomjin River (S-2) As shown in Fig. 6 , shell heights of group sexually maturity of R. venosa (sizes at the rate (50%) of group sexual maturity, RM50) that were fitted to an exponential equation were 70.9 mm in females.
Therefore, biological minimum size (RM50) in females is 70.9 mm SH in S-2 region. The size (70.9 mm SH) at 50% of first sexual maturity in female R. venosa was considered to be two years old.
3) Biological minimum size in the upper reaches of Seomjin River (S-3) As shown in Fig. 7 , shell heights of group sexually maturity of R. venosa (sizes at the rate (50%) of group sexual maturity, RM50) that was fitted to an exponential equation is 74.6 mm in females in S-3 region. The size (74.6 mm SH) at 50% of first sexual maturity in females was considered to be two years old. mainly occurred at night and dawn as seen in Table. 6. Table 7 , on the whole, the deposition of egg capsules mainly occurred at night and dawn in the aquarium at the laboratory.
Differnces in the Number
3) Indoor rearing experiment at the salinity concentration of 15.5 ± 0.5 psu and reared at 18-20°C
in an aquarium During the period from May 15 to July 27, 5 of 20 individuals of rapa whelks (74.1-100.2 mm SH), which is reared in the brackish water, spawned total 13 masses (741 egg capsules) with one to three broods (spawning frequencies or interval) during the spawning season.
In general, the number of spawning round per individual was increased with the increase of shell height per individual. As shown in Table 8 , on the whole, the deposition of egg capsules mainly occurred at night and dawn.
In general, the deposition of egg capsules, the spawning round, spawning frequency, the number of 
Discussion
Recently, some researchers (Zolotarev, 1996; Mann and Harding, 2000; Mann et al., 2004; Harding et al., 2007) reported that rapa whelks are native to marine habitats off Korean peninsula and Japan, And they were introduced to the Black Sea immediately after
World War II and have since spread throughout the Mediterranean, Awgean, and Adratic seas, and these large gastropods were settled in the world.
Harding (2007) reported that the rapa whelk in Chesapeake Bay is a marine gastropod that reaches large adult sizes, but is reproductively active early (from one year old) in life. However, rapa whelks in Chesapeake Bay are long lived (in excess of 15 years) and may reach adult sizes greater than 160 mm shell length. However, recently, it is hard to find female adult sizes greater than 145 mm SH (it is considered to be eight year of age) in Korea (Choi, 2008) . Therefore, in case of rapa whelks, salinities in habitats affected reproductive potential of this gastropod.
The number of embryos observed in egg capsules produced by Chespeake Bay rapa whelks ranged from 123 (7.4 mm high egg capsule) to 3,673 (33.5 mm high egg capsule).
Based on these observations, Chespeake Bay rapa whelk females appear to produce egg capsules of comparable size to those produced by rapa whelks in their native range (Korea and Japan), whereas Black Sea rapa whelks seem to produce egg capsules that are smaller than those from either Asia or Chespeake Bay.
When there was variation in the number of embryos per egg capsule, the first egg masses in the egg-laying Egg capsule production at these levels translates into annual fecundity/ embryos /female/ year, estimates on the order of 1 x 10 5 for smaller whelks and in excess of 1 x 10 6 for larger rapa whelks).
In three different salinity concentration regions, total fecundities of rapa whelks individual -1 year -1 were 993,888 ± 4,374 at S-1 region, 849,300 ± 6,115 at S-2 region and 237,440 ± 6,634 at S-3 region. Therefore, reproductive potential in the egg capsules of the rapa whelk was the highest in the high salinity region.
reproductive potential in the egg capsules of the rapa whelk in the brackish water salinity concentration region was smaller than that in Gwangyang Bay.
Biological minimum size (RM50) in females were 72.0 mm SH in S-1 region, 70.9 mm SH at S-2 and 74.6 mm SH st S-3. These sizes at 50% of first sexual maturity in females were considered to be two years old.
In this study, exceptionally, we found that relatively small number of rapa whelks (concidered to be one year old: 61.20 mm SH (Choi, 2008) ) spawned small number of egg capsules in the aquarium. However, the percentage (%) of spawned individuals was relatively small percentage. In this study, although rapa whelks can be participated in spawning from one year old around the Gwangyang Bay and the lower or upper reaches of Seomjin River, 50% of first sexual maturity can be reached from two years old (approximately 73.27 mm SH (Choi, 2008) 
